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Description

[0001] The present invention relates generally to au-
tomotive exhaust systems and particularly to an exhaust
heat management apparatus according to the preamble
of claim 1.

[0002] Most vehicle exhaust systems and particularly
exhaust systems of vehicles powered by gasoline-fueled
internal combustion engines are equipped with catalytic
converters for reducing noxious emissions in exhaust
gases. The most effective current technology catalytic
converters comprise ceramic substrates coated with one
or more noble metal catalysts, such as platinum, palla-
dium, orrhodium. The preferred noble metal for high tem-
perature hydrocarbon reduction is palladium, and rho-
dium is effective for improving nitrous oxide and carbon
monoxide emissions. So called 3-way catalytic convert-
ers typically include combinations of these noble metals
that catalyze two oxidation reactions which oxidize car-
bon monoxide to carbon dioxide and oxidize hydrocar-
bons to carbon dioxide and water. At the same time, ni-
trogen oxides are reduced to nitrogen and oxygen. These
reactions are very effective at certain high temperatures.
However, until the catalyst is warmed up to its light-off
temperature, defined as the temperature required to ox-
idize 50 % of the hydrocarbons, the effectiveness of cat-
alytic converters is very low. For Example, J.C. Summers
et al., in their paper "Use of Light-Off Catalysts to Meet
the California LEV/ULEV Standards," Catalysts and
Emission Technology, Society of Automotive Engineers
Special Publication No. 968, Warrendale, PA, 1993, re-
ported that roughly 60-80% of the tailpipe hydrocarbon
emissions occur during the initial cold start (Bag 1) phase.
[0003] To reach light-off temperature more quickly, it
is desirable to retain exhaust heat as much as possible
in the catalytic converter, at least until the light-off tem-
perature, usually in the range of about 315,56°C -
426,67°C (600° - 800°F) is reached. Providing an insu-
lation jacket around the catalytic converter can help to
retain heat. However, the temperature of a catalytic con-
verter during extended operation once the light-off tem-
perature is reached can rise very rapidly from the exo-
thermic heat of the catalytic reactions with the exhaust
gases. If the heat generated during extended operation
or from fuel-rich gases reacted in the catalytic converter
cannot be dissipated efficiently, it can build up to a point
that accelerated aging of the catalyst or even permanent
damage to the catalytic converter or to adjacent compo-
nents or objects can result. Therefore, the maximum de-
sired operating range is usually about 815,56°C (about
1,500°F).

[0004] This problem was addressed by the U.S. Patent
No. 5,163,289, issued to D. Bainbridge, which discloses
an insulation jacket around a catalytic converter wherein
the insulation is a refractory fiber that conducts heat bet-
ter at higher temperatures than at lower temperatures.
While that approach was a start in a helpful direction,
better control and more effective thermal management
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of catalytic converters is still needed for further reducing
exhaust emissions and for utilizing heat produced in cat-
alytic converters.

[0005] From DE 35 37 080 C1 an exhaust gas tube
with an inbuilt exhaust gas catalyst is known, wherein an
evacuated insulation chamber is provided as an outer
jacket of the exhaust gas tube. Said exhaust gas tube
comprises a chamber comprising a Getter alloy which
controls introduction of gas into the evacuated outer jack-
et or supports said insulating effect of the jacket by ab-
sorbing gases.

[0006] From GB 1 395 960 a catalytic converter is
known which comprises a thermal storage device within
the housing in a heat conductive relationship with the
catalyst including a material that changes its physical
state when its temperature exceeds the activation tem-
perature of the catalyst and reverses said change of
physical state to transfer the released heat to the catalyst
when the catalyst temperature declines below the tem-
perature at which the material changes its physical state.
[0007] Accordingly, it is an objective of the present in-
vention to provide an exhaust heat management appa-
ratus and a respective method which allows to retain heat
and to maintain catalyst temperatures above a light-off
temperature for extended periods of time, on the one
hand, and decreasing the time to reach light-off temper-
ature in conditions when same cannot be maintained
while, on the other hand, the catalytic converter materials
and surrounding components or environment could be
protected from excessive heat and temperature build up.
[0008] The afore-indicated objective is achieved by the
features of claims 1 and 36, and 40, while preferred em-
bodiments of the exhaust heat management apparatus
according to claim 1 are laid down in the associated sub-
claims 2 to 35, and preferred embodiments of the meth-
ods for managing heat in such an exhaust heat manage-
ment apparatus are subject of claims 37 to 39, and 41.

[0009] The accompanying drawings, which are incor-
porated in and form a part of the specifications, illustrate
the preferred embodiments of the present invention, and
together with the descriptions serve to explain the prin-
ciples of the invention.

Figure 1 is a schematic representation of a catalytic
converter heatmanagement system according to the
present teaching;

Figure 2 is a cross-sectional view of a catalytic con-
verter housing structured to provide heat manage-
ment according to this teaching;

Figure 3 is a graphical illustration of the relationships
among time of operation, temperature, and emis-
sions of conventional catalytic converter exhaust
systems;

Figure 4 is a graphical illustration of the relationships
among time of operation, temperature, and emis-
sions of catalytic converter exhaust systems con-
structed for heat management according to this in-
vention as compared to emissions of conventional
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catalytic converter systems:

Figure 5 is a cross-sectional view of an alternate em-
bodiment catalytic converter heat management sys-
tem according to this teaching;

Figure 6 is an enlarged cross-sectional view of the
thermal short circuit spikes used for varying thermal
conductivity of the catalytic converter embodiments
of Figure 2 or Figure 5; and

Figure 7 is a cross-sectional view of an alternate em-
bodiment in which a phase change material is posi-
tioned in the inner housing surrounding the catalyst
substrate.

[0010] A catalytic converter 10 constructed with a heat
management system according to this invention is shown
in Figure 1 mounted in an exhaust pipe P, which is con-
nected to the exhaust manifold M of an internal combus-
tion engine E of a motor vehicle (not shown). The exhaust
pipe P carries exhaust gases from the engine E to the
catalytic converter 10, which may contain conventional
3-way catalysts for reacting noncombusted fuel in the
exhaust gases and reducing emissions of hydrocarbons,
carbon monoxide, and nitrous oxides in the exhaust gas-
es. The reacted exhaust gases are then discharged
through a tailpipe T, usually at the rear-end of the motor
vehicle (not shown).

[0011] Referring now to Figure 2, the catalytic convert-
er 10 according to this teaching comprises an internal
catalyst housing 12, preferably fabricated of metal or oth-
er material that is impermeable to gases, for containing
one or more catalyst substrates 14, 16 and 18, which can
be ceramic material coated with 3-way catalyst material,
such as platinum, palladium, and/or rhodium. Exhaust
gases from the-engine E (Figure 1) flow through the cat-
alytic converter 10, as indicated by the arrows 20 in Fig-
ure 2, including through the numerous small, catalyst-
coated pores or channels 22 that are formed in the ce-
ramic substrates 14, 16, and 18 to increase the exposed
surface area of the catalyst.

[0012] The internal catalyst housing 12 is enclosed
within an outer housing 24 that is positioned at a distance
spaced radially outward from the inner catalyst housing
12. The outer housing 24, like the inner housing 12, is
preferably fabricated of metal or other material that is
impervious to gas, even in a hot and high-order vacuum
environment. The annular chamber 30 enclosed be-
tween the inner housing 12 and outer housing 24 is evac-
uated. The insulating performance of chamber 30 is pref-
erably variable in a controllable manner, as will be de-
scribed in more detail below. Suffice it to say at this point
that the thermal insulating effect of chamber 30 can be
enabled to inhibit transfer of heat from the catalyst sub-
strates 14, 16, and 18 out of the inner housing 12 to the
outer housing 24 to prevent it from dissipating to the sur-
rounding environment, or it can be disabled to allow such
heat transfer and thereby to "dump" heat from the catalyst
reaction of exhaust gases into the surrounding environ-
ment. It can also be preferably enabled or disabled to
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varying degrees between fully enabled or fully disabled,
depending on the heat conductance or insulative capac-
ity needed at any time. Therefore, the insulating chamber
30 can be enabled toretain heatin the catalyst substrates
14, 16, and 18, for example upon starting the engine, to
shorten the time required for the catalyst to reach light-
off or optimum operating temperature. It can then be dis-
abled when the catalyst reaches an optimum operating
temperature to prevent excessive heat build up and high
temperatures that could damage the substrates 14, 16,
and 18 or shorten the useful life of the catalyst material
coated on the substrates 14, 16, and 18. Perhaps more
importantly, however, the insulation chamber 30 can be
enabled when the engine is turned off to hold the heat in
the catalyst substrates 14, 16, and 18 for as long as pos-
sible in order to keep the temperature above the light-off
temperature of the catalyst until the next time the engine
is started, or at least to keep the substrates 14, 16, and
18 above ambient temperature to minimize the time it
takes to raise the catalyst to light-off temperature the next
time the engine is started.

[0013] Such variable conductance insulation and
methods and apparatus for controlling the thermal trans-
fer capabilities are illustrated and described in detail in
our U.S. Patent Application, Serial No. 07/960,885. Es-
sentially, the vacuum chamber 30 is sealed from the in-
side of inner housing 12 where the exhaust gases flow
through the catalyst substrates 14, 16, and 18, and it is
sealed from the environment exterior to the outer housing
24. Exactly how such sealing is accomplished is not nec-
essarily limited to any particular technique. However, for
a long-lasting seal, it is preferred that the seal be made
by metal-to-metal welds. For example, as illustrated in
Figure 2, the inner housing 12 can comprise inner end
plates 32 and 34 welded to opposite ends of a cylindrical
sidewall 36. The outer housing 24 similarly comprises
outer end plates 38 and 40 welded to opposite ends of
the outer cylindrical sidewall 42. The outer cylindrical wall
42 is held apart from the inner cylindrical wall 36 by plu-
rality of spacers 50, preferably made of a low heat con-
ducting material, such as ceramic, shaped with curved
or pointed surfaces that form thermal resistance nodes
that minimize the areas of surface contacts through which
heat can be conducted from the inner housing 12 to the
outer housing 24. For example, as shown in Figure 2,
the spacers 50 can comprise spherical ceramic beads
44 positioned between two curved ceramic liners 46 and
48, thereby forming a series of four "near point," i.e. very
small, ceramic to ceramic surface contact areas or ther-
mal resistance nodes between the inner housing 12 and
outer housing 24. Two of the thermal resistance nodes
are where the curved outer surfaces of the liners 46, 48
contact respective inner cylindrical housing wall 36 and
outer sidewall 42. Two more of the thermal resistance
nodes are where the diametrically opposite sides of the
spherical beads 44 contact the inside surfaces of the re-
spective liners 46 and 48. Of course, the curved liners
46 and 48 are not required, but they increase the resist-
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ance to heat flow through the spherical beads 44. Also,
the beads 44 could be elongated strands wrapped
around the inner housing 12, but that configuration would
provide a greater contact surface area. Ceramic spacers
50 are preferred over glass, porcelain, or other materials
because ceramic can be fabricated of materials having
higher melting temperatures, which may be necessary
to preserve structural integrity in the high temperature
environments generated by the catalytic reactions.
[0014] The exhaust gas paths between the inner end
plates 32, 34 and the outer end plates 38, 40 are prefer-
ably enclosed by gas-impermeable, but thin metal foil
ducts 52 and 54 welded to the respective metal end plates
32, 38, and 34, 40 to maintain the vacuum-tight seal of
the insulating chamber 30 between inner housing 12 and
outer housing 24. The ducts 52, 54 are also preferably
folded or corrugated like bellows to increase the effective
distance that heat would have to travel in conduction from
the inner housing 12, through the ducts 52, 54, to the
outer housing 24. A plurality of thin, reflective metal foil
radiation shields 56 which could be separated by spacers
58, preferably made of ceramic, but not a significant out-
gassing material, can be placed in chamber 30 to inhibit
radiative transfer between the inner housing 12 and outer
housing 24.

[0015] The chamber 30 is evacuated to a high order
vacuum, preferably in the range of 0,0013332 Pa to
0,00013332 Po,(10-5 to 10-8 torr for a highly effective vac-
uum insulating effect. However, a vacuum insulation dis-
abling system, such as the gas control system 60 illus-
trated in Figure 2, can be included to selectively enable
or disable the insulation effect of vacuum chamber 30.
This gas control system 60, as described in our U.S. Pat-
ent Application, Serial No. 07/960,885, can comprise a
hydrogen gas source, such as a metal hydride 62, and
a hydrogen window or gate, such as palladium 64, en-
closed in respective metal containers 66, 68, and con-
nected via a conduit 70 to the vacuum chamber 30. When
the metal hydride 62 is heated, for example by an electric
heating element 72, it gives up hydrogen gas, which flows
into chamber 30 and conducts heat across chamber 30,
thereby effectively disabling or turning off the insulation
effect of chamber 30. Then, when the metal hydride 62
is cooled, it recaptures the hydrogen gas and creates a
low pressure gradient in the container 66 that pulls the
hydrogen gas back from chamber 30, thereby re-ena-
bling or turning on the insulation effect of chamber 30.
The palladium gate 64 allows the hydrogen gas to pass
through whenitis heated, such as by the heating element
74, but it is impervious to the hydrogen gas when it is not
heated. Therefore, the hydrogen gas, once introduced
into chamber 30 by heating both the metal hydride 62
and palladium gate 64, can be retained in the chamber
30, even when the electric power is turned off for the
heating element 72, by also turning off the electric power
to heating element 74 and allowing the palladium gate
64 to cool. In fact, the palladium gate 64 would normally
be allowed to cool first, before cooling the metal hydride
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62, to be sure substantially all the hydrogen is trapped
in chamber 30 for maximum insulation disablement by
the gas control system 60. Then, when the insulation is
to be turned back on again, only the palladium gate 64
has to be heated momentarily to allow the hydrogen gas
to be pulled out of chamber 30 through the palladium
gate 64 and back into the metal hydride 62. Of course,
the respective heating and cooling of the metal hydride
62 and palladium gate 64 can be controlled and timed to
only partially enable or disable the gas conductance of
heat across chamber 30 to any desired extent and there-
by to vary or control the rate of heat transfer anywhere
between full on and full off.

[0016] Electric power for operating the gas control sys-
tem 60 as described herein can be from battery power,
as indicated at 88. However, it is also an appropriate
application for use of thermoelectric or thermovoltaic en-
ergy source devices using heat generated by the catalytic
converter. In fact, output of sufficient heat from the cat-
alytic converter to start producing some threshold level
of electricity in such thermoelectric or thermovoltaic de-
vice could start and sustain the heat conductance of the
insulation chamber 30.

[0017] The heating elements 72, 74 can be turned on
and off by any suitable electrical control system, such as
respective relay switches 82, 84 controlled by a suitable
electronic control unit 86, such as a microprocessor or
other logic circuit, as would be well within the capabilities
of persons skilled in designing and fabricating electric
control circuits, once the principles of this invention are
understood. For example, the control unit 86 could in-
clude a timing capability connected to the motor vehicle
ignition switch 76 or other circuit that indicates when the
engine E (Figure 1) is started and then actuate the relay
switches 82, 84 to turn off the insulation chamber 30 after
an appropriate time interval thatis set to allow the catalyst
substrates 14, 16, 18 to reach the optimum catalyst op-
erating-temperatures. Then, the control unit 86 can be
programmed to turn the insulation chamber 30 on again,
when the engine E is turned off, in order to retain the heat
in the catalyst substrates 14, 16, 18 as long as possible
during the time that the engine E is not operating, rather
than allowing it to cool quickly to ambient temperature.
When controlled in that manner, the catalysts substrates
14, 16, 18 may be maintained at temperatures above
light-off temperature for extended periods of time until
the engine E is started again, thus having the benefit of
facilitating the catalytic reactions on the exhaust gases
almost immediately to reduce harmful exhaust emis-
sions, rather than suffering the delay required to reach
light-off temperature again from ambient temperature.
[0018] This benefit is illustrated by Figures 3 and 4.
Referring first to Figure 3, the curve 90 illustrates the
relation between engine operation time and catalyst tem-
perature in a conventional catalytic converter (not
shown), while the curve 100illustrates exhaust emissions
from a conventional catalytic converter in relation to time
of engine operation and to the time-temperature profile
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curve 90. For example, in conventional catalytic convert-
er operation before the engine is started, the catalyst
temperature, as indicated at 91, is essentially at ambient
temperature T,. Ambient temperature T, of course, can
be over 100°F in the summer or less than 0°F in the
winter, but in any event is far below the typical 315,56°C
-426,56°C (600°-800°F) light-off temperature T, of state-
of-the-art catalysts. When the engine is started at an in-
itial time t,, the exhaust temperature is initially relatively
cold, and the exhaust gases are wet and rich with un-
burned fuel. Therefore, as illustrated at 102, the exhaust
emissions E; of the cold engine and the cold catalytic
converter are very high during an initial warming period
92. When light-off temperature T (about 315,56°C -
426,56°C) (about 600°-800°F) is finally reaches at a time
t, after an initial warm-up period 92 (typically about
60-180 seconds) driven by the heat in the exhaust gases
from the engine, the exothermic heat from the catalytic
reactions with the exhaust gases in the catalytic convert-
er drive the temperature up at a much accelerated rate,
as indicated at 94, until some equilibrium operating tem-
perature T is reached at a time t,. Light-off temperature
T, as indicated above, is defined as the temperature at
which emissions E,; have 50% of the hydrocarbons con-
verted by the catalyst. During this same time interval from
t4 to t, (about 30-60 seconds), the catalytic reaction be-
comes much more effective, and the emissions decrease
rapidly, as illustrated at 104, to an operating level Eg,
which is substantially maintained as long as the engine
is running. The specific operating temperature Ty will, of
course, depend on a number of factors, such as fuel con-
tent in the exhaust gases, engine load and exhaust vol-
ume or flow rate, effectiveness of the catalyst, and heat
dissipating capabilities of the catalytic converter, but it is
intended to be high enough (about 815,56°C) (about
1,200°F) to catalyze the emission-reducing reactions ef-
ficiently, but not so high as to damage the catalyst, its
substrate, or adjacent components or structures. When
the engine is turned off, such as at a time t;, the emis-
sions, of course, end abruptly as indicated at 106, and
the catalytic converter, including the catalyst, cools quite
rapidly as indicated at 96, to ambient temperature T,
again at some time t,4, which depends on many factors,
such as environmental weather or other conditions, what
the ambient temperature T, is, and the structure and
placement of the catalytic converter in the vehicle. Gen-
erally, however, it could be expected that a typical con-
ventional catalytic converter will cool down below light-
off temperature T, within about 20 to 40 minutes and to
near-ambient temperature T, in about 4 to 6 hours. The
shaded area 108 under curve 100 represents overall
emissions during the engine operation.

[0019] Referring now to Figure 4, the time-temperature
profile 110 and corresponding time-emissions profile 120
of a catalytic converter 10 (Figure 2) constructed accord-
ing to the present invention illustrates the modified tem-
perature management and resulting improved emissions
reduction of this invention. The effectiveness of the insu-
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lating performance of chamber 30 and associated ther-
mal storage elements according to this invention is suf-
ficient to hold heat in the catalytic converter substrates
14, 16, 18 (Figure 2) for up to 40 hours or more with less
than five (5) pounds of thermal storage or heat sink ma-
terial, depending on ambient temperature and other am-
bient weather conditions. Therefore, unless the vehicle
has not been driven for a very prolonged period of time,
the catalyst temperature before start-up at t, will still be
above ambient temperature T, and most likely very near
the light-off temperature T, as illustrated at 111, if the
engine E has been operated within the preceding twelve
hours, which is typical of the use of most motor vehicles
used to commute between home and work. If the vehicle
has been driven even more recently, such as within the
past ten to twenty hours, the insulation chamber 30 and
associated thermal storage elements will have main-
tained the catalyst substrates 14, 16, 18 above light-off
temperature T, as illustrated at 111’

[0020] When the engine E (Figure 1) is started at a
time t,, the already warm catalyst at 111 or 111’ (Figure
4) is already effective at catalyzing some exothermic re-
action with exhaust gases. Therefore, if the catalyst is
not already at or above light-off temperature T, it gets
there within a very short time period t; to t; on the order
of about 60 seconds, as illustrated at 112. This warm-up
period t, to t; is shortened not only by having the catalyst
already warm at start-up time t, but by the effectiveness
of the insulation chamber 30 confining exothermic reac-
tion and exhaust heat in the catalyst substrates 14, 16,
18 during warmup. Therefore, the warm-up period of high
emissions E, illustrated at 122, during the period of t, to
ty is also very short, certainly much shorter than the pe-
riod of high emissions E, for conventional catalytic con-
verters, as illustrated by the curve 100, which is super-
imposed from Figure 3 onto Figure 4 in broken lines. The
warm-up emissions are even less, as illustrated at 122’
when the engine is started with the catalyst temperature
above light-off temperature T . Of course, once light-off
temperature T_is reached at t;, the exothermic reaction
increases the temperature of the catalyst very rapidly, as
shown at 114, to an optimum operating temperature Tg.
At the same time emissions decrease to a low operating
level Eg, as illustrated at 124. At the optimum operating
temperature Ty, the gas control 60 (Figure 2) can be
actuated to turn the insulation chamber 30 off in order to
allow dissipation of excess heat created by the exother-
mic catalytic reaction with exhaust gases into the envi-
ronment surrounding the outer housing 24. When the en-
gine is turned off, such as at time t5, the emissions, of
course, stop, as shown at 126. However, as soon as the
engine E (Figure 1) is turned off at time t5 (Figure 4), the
gas control 60 (Figure 2) is actuated to turn the insulation
chamber 30 back on to prevent rapid cooldown of the
catalyst to ambient temperature Ty. The much slower
cool down with the insulation chamber 30 turned on is
illustrated at 116 in Figure 4, and, as discussed above,
the catalyst can be kept above ambient temperature T,



9 EP 1 445 440 B1 10

for up to 40 hours or more.

[0021] The overall emissions during operation of a mo-
tor vehicle equipped with a heat-managed catalytic con-
verter system 10 according to this invention is illustrated
by the shaded area 128 under curve 120 in Figure 4. The
relative reduction of start-up emissions achieved by the
heat-managed catalytic converter 10 of this invention
over conventional catalytic converters can be seen by
comparing the shaded area 128 under curve 120, repre-
senting emissions of the catalytic converter 10 of this
invention, with the shaded area 108 under curve 100,
representing emissions of conventional catalytic convert-
ers.

[0022] Referring again to Figure 2, while the control
unit 86 can be set up to turn the insulation chamber 30
off at some pre-set time after engine start-up, which is
preferably a sufficient time for the catalyst to reach light-
off temperature T, , as described above, other inputs and
controls can also be used, as would be within the capa-
bilities of persons skilled in this art, once the principles
of this invention are known. For Example, an input from
a temperature probe 78 in contact with the inner housing
12 could be used to actuate the gas control 60, such as
to shut off the insulation chamber 30, when the temper-
ature of the inner housing 12 reaches a certain desired
operating temperature. Of course, such a temperature
probe 78 would have to be well insulated from the envi-
ronment and from the outer housing 24 to avoid heat
conduction therethrough when the insulation chamber
30 is turned on. It would also have to be sealed against
leakage where it emerges through the outer housing 24,
such as with ceramic sealing connectors similar to those
described in our U.S. Patent Application, Serial No.
07/960,885.

[0023] An alternative or additional temperature probe
79 in the downstream exhaust outlet 130 to measure the
temperature of the exhaust gases emerging from the cat-
alytic converter 10 could also be indicative of, even if not
exactly the same as, the temperature level of the cata-
lysts, thus useable for actuating the gas control 60. Such
an alternative temperature probe 79 in the outlet 130
would not have to be insulated to avoid heat transfer or
sealed to hold a vacuum, as would be required for the
probe 76 extending through the insulation chamber 30.
[0024] Other inputs, such as a temperature sensor 80
positioned adjacent the outer housing 24, could be used
to turn on or off the insulation chamber 30. For example,
if other components or structures (not shown) near the
catalytic converter 10 can withstand temperatures only
so high, the temperature sensor 80 could cause the con-
trol unit 86 to actuate gas control 60 to turn on the insu-
lation chamber 30 if the temperature of heat 81 radiating
from the outer housing 24 goes above a preset level.
[0025] Onthe other hand, in otherapplications, it might
be more important to "dump" heat from the inner housing
12 and catalyst substrates 14, 16, 18 faster than the
turned off insulation chamber 30 can handle. Therefore,
metal-to-metal contacts to function as thermal shunts be-
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tween the inner housing 12 and outer housing 24 can be
provided. Forexample, as shown in Figure 2, one or more
bimetallic dimples or actuators 132, similar to those de-
scribed in our U.S. Patent Application Serial No.
07/960,885, can be provided in the inner housing sidewall
36 and designed to actuate from a normally concave con-
figuration to an alternate convex configuration, as indi-
cated by broken lines 132’, when the inner wall 36 reach-
es a predetermined maximum temperature. Thermal
shunt posts 134, preferably made of a good heat con-
ducting metal, extends from the outer wall 42 of outer
housing 24 into close enough proximity to the respective
bimetallic actuators 132 such that when the bimetallic
actuators snap to their convex configurations 132’, they
will make metal-to-metal contact with the posts 134.
When such metal-to-metal contact is made, the posts
134 conduct heat very rapidly from the inner housing 12
to the outer housing 24, where it can dissipate to the
surrounding environment.

[0026] It may also be desirable in some circumstances
or applications to enhance conduction of heat from the
catalyst substrates, such as the fore and aft substrates
14, 18, to the inner housing wall 36 and into the insulation
chamber 30, such as where the substrates 14, 18 are
made of ceramic materials that are poor conductors of
heat. Such enhanced heat conduction can be provided
by one or more elongated spikes 136, having one end
extending into the substrates 14, 18 and the other end
extending through inner housing wall 36 and into the in-
sulation chamber 30. If these spikes are not long enough
to contact the outer wall 42 so that there is no metal-to-
metal heat conduction through them to the outer housing
24, they will still conduct heat to the hydrogen gas in the
insulation chamber 30 when the insulation chamber 30
is turned off by gas control 60, as described above.
[0027] Alternatively, the spikes 136 can be designed
and positioned to not contact outer housing 24 at lower
temperatures, but to elongate enough by thermal expan-
sion to contact the outer sidewall 42 of housing 24, as
indicated at 136’ in Figure 6, at higher temperatures.
Once contact is made, as indicated at 136’, the spikes
136 become a thermal shunt or short circuit to conduct
heat directly from the inner housing 12 to the outer wall
42 of outer housing 24. To function in this manner, the
spike 136 is anchored at its mid-section by welding 135
to the cylindrical wall 36. Therefore, as it heats up, the
spikes 136 expand axially at both ends, as indicated by
the phantom lines 136" and 136" in Figure 6. The heat
required to cause sufficient expansion of spike 136 to
contact outer sidewall 42 as shown at 136’ can be de-
signed into spike 136 taking into consideration such pa-
rameters as the length of spike 136 extending outwardly
from the welded attachment 135 to cylindrical wall 36,
the type of metal or other material of which spikes 136
are fabricated and its coefficient of thermal expansion,
the gaps between the ends of spikes 136 and the outer
sidewall 42, and the like. The catalytic converter 10 can
be designed and fabricated with a plurality of these spikes
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136 having different lengths or made of different materi-
als with different coefficients of thermal expansion, so
that they do not all make contact with the outer sidewall
42 at the same time or at the same temperature in order
to vary the number of thermal short circuits, thus varying
the overall thermal conductivity across the chamber 30.
The spike 137 shown in Figure 6 is an alternate that ex-
tends only radially outward from the cylindrical wall 36
and notinward, so it picks up heat only from the cylindrical
wall 36, which can be another variation of design for es-
tablishing a thermal short circuit.

[0028] It may also be preferable, but not necessary, to
provide additional radiation and convection heat control
by providing a heat absorber or retarder material 138, as
shownin Figure 2, in the exhaust gas path to inhibit direct
axial radiation of heat from the substrates 14, 16, 18 out
of the inner housing 12, as well as to break up convection
flows of hot exhaust gases in that area. While the heat
absorber or retarder material 138 is shown as a solid
maze structure in Figure 2, it could be a bulky material,
such as ceramic wool fibers that are opaque to infrared
radiation, thereby forcing multiple reradiations between
fibers, thus retarding heat escape by axial radiation. Ce-
ramic wool fibers or other materials also act to reduce
the size of the convection cell, thereby retarding heat
escape by convection. While the retarder material 138 is
shown only at the downstream end of the inner housing
12, a similar retarder could, of course, also be placed in
the space immediately upstream of the first substrate 14.
[0029] For more extensive exhaust heat and emis-
sions management according to this teaching an alter-
native embodiment catalytic converter 140 with heat stor-
age and heat exchanger features is illustrated in Figure
5. However, before proceeding with a detailed descrip-
tion of the catalytic converter 140, reference is first made
again to Figure 1. In this embodiment, heat generated
by the exothermic catalytic reactions with exhaust gases
is put to beneficial uses, stored, or dissipated, as appro-
priate for a variety of reasons. For example, the catalytic
converter 140 produces heat and heats up much more
quickly than a cold engine E after start-up, and a cold
engine E not only does not run as efficiently as a warm
engine, but it also produces more harmful exhaust emis-
sions as well as more wear on engine parts. Further, the
passenger compartments of most vehicles are heated
with hot engine coolant, so there is no heat for passenger
comfort or windshield defrosting until the engine E heats
up not only itself, but also the coolant in the water jacket
of the engine E.

[0030] Therefore, according to this teaching heat gen-
erated by the catalytic converter 140, instead of being
wasted by dissipation to the atmosphere, can be gath-
ered in a manifold 142 and directed to the water jacket
of the engine E, as indicated schematically by broken
lines 144, to help warm up the engine E more quickly,
which in turn can get warm coolantto the passenger com-
partment heater H more quickly via the conventional
heater hoses indicated schematically by the broken lines
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146. Alternatively or additionally, the heat generated by
the catalytic converter 140 can be carried directly to the
passenger compartment, as indicated schematically by
broken lines 148 to heat seats S or other components
such as windshields, steering wheels, and space heat-
ers. Since the temperature in and immediately around
an operating catalytic converter 140 are apt to be too
high for standard engine coolant/antifreeze solutions, it
is preferred to use a heat transfer and storage fluid 166
(Figure 5) in the heat exchanger chamber 164 that has
a higher boiling point and is more stable than engine cool-
ant/antifreeze solutions at such higher temperatures.
Consequently, another heat exchanger interface 153
(Figure 1) is provided to transfer more moderate heat
and temperature levels to the engine coolant/antifreeze
solution that is used in the vehicle engine E.

[0031] When additional heat is not needed, such as
during normal extended operation of the motor vehicle
with the catalytic converter 140, engine E via a connec-
tion 144, and other components already up to their normal
operating temperatures, the heat generated in the cata-
lytic converter 140 can be directed to a heat storage sink
150, to a heat dissipator 152, or to the engine E via con-
nection 144 from where it can be dissipated along with
heat from the engine E into the atmosphere by the con-
ventional vehicle radiator R. The actual plumbing, valves,
controls, and the like for the various heat uses and com-
ponents described above are not shown in detail, since
they are well within the capabilities of persons skilled in
this art, once the principles of this teaching are under-
stood. Suffice it to say that, if liquid engine coolant or
other liquid medium is used to transfer heat, such a cir-
culating circuit would comprise one conduit to send the
liquid, another conduit to return the liquid, a pump, vari-
ous valves, and valve controls that could be, either man-
ual or automatically operated by electricity, vacuum, or
air pressure. Also, the heat storage sink 150 can be used
to store heat for later use in warming a start-up engine
or a cold passenger compartment, or the stored heat
might also be used to help maintain an elevated temper-
ature in the catalytic converter itself over more extended
periods of time. It can be, for example, a heat storage
device such as that described in the article entitled, "La-
tent Heat Storage," published in the February 1992 issue
of Automotive Engineering, Vol. 100, No. 2, pp. 58-61.
Heat pipes, while not specifically shown in the drawings,
could also be used in place of a heat transfer fluid to
transfer heat to and from the catalytic converter.

[0032] Referring now to Figure 5, the catalytic convert-
er 140 according to this teaching as the same basic com-
ponents as the catalytic converter 10 described above,
including, but not limited to, three catalyst substrates 14,
16, 18 contained in an inner housing catalyst 12, an outer
housing 24 enclosing a insulation chamber 30, gas con-
trol system 60, metal-to-metal thermal shunt posts 134
and associated bimetallic actuators 132, and axial radi-
ation retarder material 138.

[0033] However, the catalytic converter 140 also has
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at least one main heat exchanger 160 surrounding the
outer housing 24 for picking up heat from the outer wall
36 and carrying it to the manifold 142 (Figure 1) or other
components or uses described above. The main heat
exchanger 160 comprises an outer jacket 162 extending
radially outward from the outer end walls 38 and 40 of
outer housing 24 and enclosing a main heat exchanger
chamber 164, which surrounds the outer wall 36. The
chamber 164 is built and sealed to contain a heat ex-
changer fluid 166, which can be either a liquid or a gas,
preferably a fluid that is stable, and, if a liquid, would not
reach its boiling point, at the high temperatures thatwould
normally be encountered in a catalytic converter, as de-
scribed above. Such a heat exchanger fluid might be, for
example, a polyether or a silicone.

[0034] A plurality of fins 168 project radially outward
from the outer wall 36 into the heat exchanger chamber
164 to increase heat exchange surface area. Conse-
quently, when the insulation chamber 30 is turned off,
heat transferred from the catalyst substrates 14, 16, 18
and inner housing 12 across chamber 30 to outer housing
24 is efficiently picked up by the fluid 166 from the fins
168. The fluid 166 can be flowed through the heat ex-
changer chamber 164, e.g., into inlet 170 and out of the
outlet 172, to carry the heat away from the catalytic con-
verter 140. Suitable hoses or other plumbing (not shown)
can carry the heated fluid 166 to other components, such
as the manifold 142, heat sink 150, heat dissipator 152,
heat exchanger 153, and the like, as shown in Figure 1
and explained above. Of course, the reverse is also pos-
sible, i.e., the fluid 166 can carry heat from the heat sink
150 back into the catalytic converter 140, such as to pre-
heat the catalyst substrates 14, 16, 18 prior to starting
the engine E.

[0035] The jacket 162 of the main heat exchanger 160,
as shown in Figure 5, is preferably fabricated with a very
effective insulating material, such as the compact vacu-
um insulation (CVI) that is the subject matter of our U.S.
PatentNo. 5,175,975. Consequently, when the insulation
chamber 30 is turned on, e.g., when the engine E is
turned off, not only are the hot inner housing 12 and hot
catalyst substrates 14, 16, 18 isolated by the highly ef-
fective insulation chamber 30, but the outer housing 24
is also surrounded by the hot fluid 166 in the heat ex-
changer chamber 164. The CVI jacket 162 is very effec-
tive at maintaining the heat in the surrounding fluid 166,
which further inhibits transfer of heat from the catalyst
substrates 14, 16, 18 by keeping heat gradient or differ-
ential across the insulation chamber 30 very low.
[0036] Several optional features of the catalytic con-
verter 140 include secondary heat exchangers 174, 184
to recover heat from the exhaust gas inlet 129 and outlet
130. As shown in Figure 5, secondary heat exchanger
174 oninlet 129 includes a jacket 176 enclosing a cham-
ber containing fins 178 extending radially outward from
the inlet 129. A heat exchange fluid, such as the same
fluid 166 used in the main heat exchanger 160, can be
flowed through the chamber from fluid inlet 180 to fluid
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outlet 182 to carry heat from the fins 178 to other com-
ponents for use, storage, or dissipation, as described
above. Likewise, the secondary heat exchanger 184 on
exhaust outlet 130 has a jacket 186 containing the heat
transfer fluid medium 166, which circulates in through
inlet 190 and out outlet 192 to carry heat from fins 188
to other components for use, storage, or dissipation, as
described above. The jackets 176, 186 on secondary
heat exchangers 174, 184 are not shown as comprising
CVI, since these secondary heat exchangers do not per-
form the primary function of retaining heat in the catalyst
substrates 14, 16, 18, although they could be made of
CVI to assist in that function or otherwise to minimize
heat loss to the surrounding atmosphere, if desired.
[0037] Another optional feature of the catalytic con-
verter 140 illustrated in Figure 5 is a solid heat sink core
194 extending through the centers of catalyst substrates
14, 16, 18. This solid heat sink core 194 serves two pur-
poses. First, it causes the catalytic reaction of exhaust
gases to occur in the outer portions of the catalyst sub-
strates 14, 16, 18, thereby minimizing the distance heat
has to flow through the ceramic substrates 14, 16, 18 to
the inner housing 12, when heat is being transferred
across the insulation chamber 30. Second, the heat sink
core 194 is preferably a material such as aluminum silicon
or magnesium zinc that has a large heat sink capacity,
so it receives and retains a large amount of heat during
catalyst operation. Then, when the engine E is turned off
and the insulation chamber 30 is turned on, the heat con-
tained in the heat sink core 194 helps to maintain the
temperature of the catalyst substrates 14, 16, 18 over an
even longer period of time, thereby enhancing the likeli-
hood that they will still be above or near light-off temper-
ature, or at least above ambient temperature the next
time the engine E is started.

[0038] As in the catalytic converter embodiment 10
(Figure 2) described above, the controller 68 in Figure 5
can take input signals from a variety of devices or sen-
sors, such as ignition switch 76, temperature sensors 80,
89, and the like, to initiate actuation of the gas control 60
for turning the insulation chamber 30 on and off. For ex-
ample, the temperature sensor 80 positioned adjacent
jacket 162 can sense when the environment around the
catalytic converter 140 is getting too hot and cause the
controller to either turn on the insulation chamber 30 or
start circulation of fluid 166 via a connection 196 to a
pump control (not shown) or other suitable vehicle or sys-
tem control components. A more remote temperature
sensor 89 positioned, for example, in the engine E water
jacket orin the vehicle passenger compartment can input
signals to the controller 68 to actuate or deactuate the
insulation chamber 30, circulation of fluid 166, and the
like. Various other optional signal inputs, represented by
lead 197, as well as optional signal outputs, such as to
valves and other components, represented by lead 198,
may become obvious to persons skilled in this art once
they have an understanding of the principles and princi-
pal features of this invention.
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[0039] To further increase the thermal capacitance of
the catalytic converter, particularly for keeping sufficient
heat stored for long periods of time to have available for
heating the substrates 14, 16, 18 to light-off temperature
before starting the engine E, a quantity of phase change
material (PCM), such as metals, metal salt hydrates, or
a hydride of trimethylol ethane (TME) or other polyhydric
alcohols, described in U.S. Patent Nos. 4,572,864 and
4,702,853, can be contained around or in thermal flow
relation to the substrates 14, 16, 18. For example, in the
embodiment 140 of Figure 5, rather than flowing a heat
transfer fluid 166 through the main heat exchanger cham-
ber 164, as described above, the chamber 164 could be
filled instead with PCM, with or without the inlet and outlet
fittings 170, 172. As heat is created by the catalytic re-
action inside the inner housing 12, the thermal conduct-
ance of the insulation chamber 30 is actuated (insulative
effect disabled), as described above, to transfer the heat
into the solid PCM 166 where it serves as heat of fusion
to melt the PCM and is stored in that manner in the liquid
PCM. Thereafter, if the PCM is supercoolable or trigger-
able, as the hydrates or hydrides referenced above, when
the engine E is turned off and the substrates 14, 16, 18
consequently cool off, the heat of fusion in the liquid PCM
is retained even as the PCM super cools below its melting
temperature, as described in the U.S. Patent No.
4,860,729. Later, when the operator decides to start the
engine E, a signal from the ignition switch 76 can actuate
a phase change trigger, such as that described in U.S.
Patent No. 4,860,729. Such a phase change trigger, as
indicated at 154 in Figure 1, could be connected to one
of the fittings 170, 172, shown in Figure 5. When actuat-
ed, the phase change trigger initiates nucleation of crys-
tallization of the PCM thereby causing it to give up its
heat of fusion. With the conductance of the insulation
chamber 30 also actuated (insulative effect disabled),
the heat of fusion from the PCM is conducted back into
the inner housing 12 to the substrates 14, 16, 18 to help
them reach light-off temperature.

[0040] There are of course, numerous other ways to
use a PCM for these purposes. For example, the heat
sink 150 or another similar device could contain a PCM.
The heat could also be transferred to and from an external
PCM container with a liquid heat exchanger fluid 166.
Still further, another chamber (not shown) could be po-
sitioned radially outward from chamber 164 to enable
use of both a PCM and the thermal transfer fluid 166
surrounding the inner housing 12.

[0041] In another embodiment illustrated in Figure 7,
a ceramic container 156 with an annular chamber 157 is
positioned inside the inner housing 12 and in surrounding
relation to the catalyst substrates 14, 16, 18. A phase
change material 158, such as aluminum or aluminum al-
loy almost, but not quite fills the annular chamber 157.
As the catalyst substrate heats up during operation of
the engine E, italso heats up the container 156 and phase
change material 158. However, since ceramic is a poor
heat conductor, this container and phase change mate-
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rial 158 does not take up heat fast enough to increase
the time required to heat the substrates 14, 16, 18 to
light-off temperature. Over time, however, during opera-
tion of the engine E, the material 158 in chamber 157 will
get hot enough to melt and heat up substantially to the
optimum operating temperature of the catalytic convert-
er, as controlled according to the features of this invention
discussed above. The slight underfill mentioned above
leaves sufficient space in the chamber 157 to accommo-
date expansion of the material 158 as it heats up. Then,
when the engine E is turned off, the phase change ma-
terial 158 will help to hold heat on the substrates 14, 16,
18. Initial cooling is in a sensible manner, as discussed
above for the core heat sink 194 in Figure 5. However,
when the temperature cools down to the freezing point
of the material 158, the temperature will stay constant
for an extended period of time as the material 158 gives
up its heat of fusion. Consequently, where the composi-
tion of the material 158 has a freezing/melting tempera-
ture above the light-off temperature of the catalyst, the
material 158 helps to maintain the substrates 14, 16, 18
above light-off temperature for extended periods of time.
[0042] While the description and exemplary applica-
tion of this invention has been directed primarily to vehi-
cles with internal combustion engines, it is not restricted
tothatapplication. Other applications can be forexample,
in the chemical and petrochemical industries for control-
ling the temperature of catalytic process reactors.

Claims
1. Exhaust heat management apparatus, comprising:

catalytic converter means (10) comprising an in-
ner catalyst housing (12) containing one or more
catalyst substrates (14,16,18) within the flow
path of a heat containing exhaust gas for cata-
lytic oxidation or reduction reactions between a
catalyst material on the catalyst substrate and
exhaust gas components,

anouter housing (24) surrounding said inner cat-
alyst housing (12),

an evacuated insulation chamber of a variable
heat transfer capacity (30) between said inner
catalyst housing (12) and said outer housing
(24),

characterized in that

in addition to said evacuated insulation chamber
of variable heat transfer capacity (30), a heat
transfer inhibiting material comprising a radial
heat radiation and/or convection shielding struc-
ture (56) is disposed between said inner catalyst
housing (12) and said outer housing (24) to fur-
ther inhibit exhaust gas heat from being trans-
ferred radially from said catalytic converter
means (10).
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Exhaust heat management apparatus according to
claim 1, characterized in that additional radiation
and convection heat control is provided by a heat
absorber or retarder material (138) disposed down-
stream and/or upstream of the catalyst substrate
(14,16,18) to form a heat transfer resisting structure
to reflect heat which radiates from said catalyst sub-
stratein the direction that the exhaust gas flows away
from and/or into said catalyst substrate.

Exhaust heat management apparatus according to
claims 1 or 2, characterized by metal tube portions
(52,54) that are configured in a manner that causes
heat flow away from and/or into said catalyst sub-
strate through said tube portions to travel a longer
distance.

Exhaust heat management apparatus, in particular
accordingto claim 3, characterized in that said tube
portions have an elongated heat conductive length,
thus increasing the traveling distance of heat con-
duction fromthe inner housing (12) to the outer hous-
ing (24).

Exhaust heat management apparatus according to
claim 4, characterized in that tube portions (52,54)
extending between and separating the inner catalyst
housing (12) and the outer housing (24) comprise
corrugated tubes (52,54) to increase the effective
distance that heat would have to travel in conduction
fromthe inner catalysthousing (12) to the outer hous-
ing (24).

Exhaust heat management apparatus according to
at least one of the claims 1 to 5, characterized in
that said evacuated insulation chamber (30) is acti-
vated to maintain heat in the catalytic converter
means when no exhaust gases being reacted in the
catalytic converter means (10) or when the temper-
ature of the catalytic converter means is less than
the optimum or light-off temperature, but which can
be deactivated when the temperature of the catalytic
converter means rises above the optimum or light-
off temperature.

Exhaust heat management apparatus according to
claim 6, characterized in that said insulation cham-
ber (30) is maintained in a state or a variety of states
between an activated and deactivated condition at
moderate temperatures in said catalytic converter
means.

Exhaust heat management apparatus according to
at least one of the claims 1 to 7, characterized in
that said insulation chamber (30) is provided with
gas or solid conduction control capability for selec-
tively enabling or disabling the insulation or for ena-
bling or disabling the insulation to a certain extent,

10

20

25

30

35

40

45

50

55

10

10.

1.

12.

13.

14.

15.

respectively.

Exhaust heat management apparatus according to
at least one of the claims 1 to 8, characterized in
that a main heat exchanger is provided to conduct
heat away from or to the catalytic converter means
(10), said heat exchanger (160) being jacketed by
compact vacuum insulation retaining heat during
times when the evacuated insulation chamber (30)
is activated, said heat exchanger (160) in particular
comprising fins (168) surrounding the outer housing
(24) for heat transfer.

Exhaust heat management apparatus according to
at least one of the claims 1 to 9, characterized in
that said inner catalyst housing (12) is a gas imper-
meable catalyst housing (12).

Exhaust heat management apparatus according to
at least one of the claims 1 to 10, characterized in
that said catalytic substrates (14,16,18) being sep-
arated from each other in an axial direction of the
catalytic converter means (10) and preferably posi-
tioned by inwardly deforming wall portions of aninner
housing sidewall (36) of the inner catalyst housing
(12).

Exhaust heat management apparatus according to
at least one of the claims 1 to 11, characterized in
that said inner catalyst housing (12) and said outer
housing (24) are made of metal or other gas-imper-
meable material, with the annular, evacuated insu-
lation chamber (30) therebetween

Exhaust heat management apparatus according to
at least one of the preceding claims 1 to 12, char-
acterized in that a thermal shunt structure (134)
activatable in response to heating of the catalytic
converter means (10), in particular the temperature
ortemperaturerise of the inner catalyst housing (12),
is disposed between the inner catalyst housing (12)
and the outer housing (24).

Exhaust heat management apparatus according to
at least one of the claims 11 to 13, characterized
in that said inwardly deforming wall portions having
a thickness thinner than that of other wall portions
of the inner catalyst housing (12) adapted to coop-
erate with thermally controlled actuators (132) to es-
tablish heat conducting contact between said inner
catalyst housing (12) and said outer housing (24) in
response to a predetermined maximum temperature
of the inner catalyst housing (12).

Exhaust heat management apparatus according to
at least one of the claims 1 to 14, characterized in
that said evacuated insulation chamber (30) being
connected to a gas control system (60) varying an
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17.

18.

19.

20.

21.

22,

19

insulating effectin response to parameters or engine
operating conditions, such as engine start, engine
turn-off, operating temperature, heat, engine ignition
or time input.

Exhaust heat management apparatus according to
claim 15, characterized in that said gas control sys-
tem comprises a gas source means connected to
said evacuated insulation chamber (30) for releasing
gas into or for recovering gas from the evacuated
insulation chamber (30) in response to parameters
or engine operating conditions.

Exhaust heat management apparatus according to
claim 16, characterized in that said gas source
means includes a metal hydride (62) that releases
hydrogen gas when heated and recovers hydrogen
gas when cooled.

Exhaust heat management apparatus according to
claim 16 or 17, characterized in that said gas
source means includes gate means, in particular pal-
ladium, positioned between said metal hydride (62)
and said evacuated insulation chamber (30) for se-
lectively passing or blocking flow of hydrogen gas,
in particular allowing hydrogen flow therethrough
when heated and blocking the flow of hydrogen
therethrough when cooled.

Exhaust heat management apparatus according to
at least one of the claims 1 to 18, characterized in
that said evacuated insulation chamber (30) is evac-
uated to a very high grade vacuum, preferably of at
least as low as 0,0013332 Pa (10 Torr).

Exhaust heat management apparatus according to
at least one of the claims 1 to 19, characterized in
that said evacuated insulation chamber (30) com-
prises inserts, in particular spacers (50), preferably
made of a low heat conducting material, in particular
ceramics, to separate the inner catalyst housing (12)
from the outer housing (24), said radial heat radiation
and/or convection shielding structure comprises
heat reflective metal foil radiation shields (56), to in-
hibit in particular radiation heat transfer between the
inner and outer housings (12,24).

Exhaust heat management apparatus according to
at least one of the preceding claims 2 to 20, char-
acterized in that said absorber or retarder material
(138) comprising a solid maze structure or a bulky
fibre structure opaque to infrared radiation and/or or
breaking up convection flows of hot exhaust gas.

Exhaust heat management apparatus according to
claims 15 or 16, characterized in that said gas con-
trol system (60) is adapted to release a heat con-
ducting gas into the insulation chamber (30) in re-
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23.

24,

25.

26.

27.

20

sponse to sensor-based signals of an electrical con-
trol system, the output of a preprogrammed control
unit (86) or the influence of heat emanating from the
catalytic converter means (10).

Exhaust heat management apparatus according to
at least one of the claims 1 to 22, characterized in
that the catalytic converter means (10) is thermally
connected to a heat storage sink (150), a heat dis-
sipater (152), an engine, in particular its cooling jack-
et, or passenger compartment heating equipment of
an automobile, in particular under use of a heat ex-
changer chamber (164).

Exhaust heat management apparatus according to
at least one of the claims 9 to 23, characterized by
at least one secondary heat exchanger (174,184)
surrounding an exhaust gas inlet (129) and/or outlet
(130), in particular comprising fins (178,188) for heat
transfer from the exhaust gasinlet or outlet (129,130)
to the fluid, in particular liquid, entrapped into the
heat exchanger (174,184).

Exhaust heat management apparatus according to
at least one of the claims 13 to 24, characterized
in that said heat actuateable thermal shunt structure
(134) is adapted to making metal-to-metal contact
between said inner housing (12) and said outer hous-
ing (24) when the inner housing (12) reaches a pre-
determined maximum temperature, in particular said
thermal shunt structure (134) includes a bimetallic
element that switches from a concave to a convex
configuration when the temperature of the bimetallic
element reaches said predetermined temperature,
or said thermal shunt structure (134) includes a ther-
mally expandable spike anchored in said inner hous-
ing (12) and extending radially outward to a position
close enough to said outer housing (24) to be ther-
mally expandable into contact with said outer hous-
ing (24).

Exhaust heat management apparatus according to
at least one of the claims 20 to 25, characterized
in that said inserts comprises a plurality of ceramic
spacers (50) positioned between said inner housing
(12) and said outer housing (24), said spacers (50)
being shaped to form only point or near point con-
tacts with said inner housing (12) and said outer
housing (24), in particular said spacers (50) include
a spacer element with a rounded outer surface and
a liner element with a curved outer surface posi-
tioned between said spacer element and each of said
inner housing (12) and said outer housing (24).

Exhaust heat management apparatus according to
at least one of the claims 1 to 26, characterized in
that a thermal conduction spike (136) extending
through said inner housing (12) into said catalytic
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substrate (14,16,18) and into said insulation cham-
ber (30), said spike (136) is preferably anchored to
said inner housing (12) and is thermally expandable
and contractible into and out of contact with said out-
er housing (24) as a function of temperature.

Exhaust heat management apparatus according to
at least one of the claims 4 to 27, characterized in
that said corrugated tubes (52,54) fabricated of thin
metal foil are welded at one end to said outer housing
(24) and at the other end to said inner housing (12),
for conducting exhaust gases into said inner housing
(12) and/or for conducting exhaust gases out of said
inner housing (12).

Exhaust heat management apparatus according to
at least one of the claims 9 to 28, characterized in
that said main heat exchanger (160) includes an out-
er jacket (162) positioned a radially spaced distance
outward from said outer housing (24) containing a
fluid heat exchanger medium, in particular including
a fluid inlet and fluid outlet for conducting said fluid
heat exchanger medium into and out of a main heat
exchanger chamber (164).

Exhaust heat management apparatus according to
claim 29, wherein said outer jacket (162) comprises
compact vacuum insulation including two hard, but
bendable sheets of metal foil positioned in closely
spaced relation to each other and sealed around
their edges to each other by metal-to-metal welds to
form a vacuum chamber therebetween, said vacuum
chamber being evacuated to a pressure at least as
low as 0,0013332 Pa (10 Torr) and a plurality of
low heat conducting spacers between said sheets
to maintain said spacing.

Exhaust heat management apparatus according to
claim 30, characterized in that a heat sink thermal
storage device (15) is connected in fluid flow relation
to said main heat exchanger chamber (164).

Exhaust heat management apparatus according to
claim 30 or 31, characterized in that heat dissipat-
ing means (152) is connected in fluid flow relation to
said main heat exchanger chamber (164) for dissi-
pating heat conducted from said outer metal enclo-
sure to said fluid medium.

Exhaust heat management apparatus according to
at least one of the claims 1 to 32, characterized in
that heat storage means surrounding the catalyst
substrates (14,16,18) for storing heat generated in
said inner housing (12), wherein said heat storage
means, preferably comprises a phase change ma-
terial.

Exhaust heat management apparatus according to
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35.

36.

37.

38.

39.

40.
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claim 33, characterized in that selectively actuate-
able trigger means for selectively initiating nuclea-
tion of the phase change material is provided.

Exhaust heat management apparatus according to
at least one of the claims 26 to 34, characterized
in that said secondary heat exchanger is provided
for taking heat from the exhaust gas.

Method of managing heat in an exhaust heat man-
agement apparatus according to claim 1, comprising
the steps of:

variably adjusting the heat transfer capacity of
said catalytic converter means (10) towards out-
side in radial and/or axial direction by changing
a heat conductance capacity of an evacuated
insulation chamber (30) by introduction or re-
traction of a heat conducting gas while radial
heattransferis subjectto additional heat transfer
inhibiting material provided to block radial heat
radiation and/or convection from said inner cat-
alyst housing (12) of the catalytic converter
means (10) to said outer housing (24) by dis-
posing said radial heat radiation and/or convec-
tion shielding structure (56) separated from said
inner housing (12) thereinbetween.

Method according to claim 36, characterized in that
heat conduction from an inner catalyst housing (12)
to a surrounding outer housing (24) and/or attached
inlet and/or outlet pipings for containing the exhaust
gas is performed along said elongated corrugated
tube (52,54).

Method according to claim 36 or 37, characterized
in that the additional heat transfer inhibiting material
comprises a plurality of concentrically disposed ra-
diation shields (56) arrayed within the evacuated in-
sulation chamber (30).

Method according to one of the claims 36 to 38, char-
acterized in that heat emanating from at least one
catalyst substrate (14,16,18) in an axial upstream or
downstream direction thereof and/or the heat carry-
ing gas flow is redirected several times within the
inner catalyst housing (12) upstream and/or down-
stream of that at least one catalyst substrate
(14,16,18).

A method of managing heat in a catalytic converter
comprising the steps of:

surrounding the catalytic converter with variable
thermal insulation that can be

varied between "on" to inhibit heat transfer and
turned "off" to enable heat transfer;

turning on the variable thermal insulation when
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no exhaust gases are being reacted in the cat-
alytic converterto retain heatin the catalytic con-
verter;

leaving the variable thermal insulation turned on
when the temperature of the catalytic converter
is less than the light-off temperature of the cat-
alytic converter;

turning off the variable thermal insulation when
the temperature of the catalytic converter is
above light-off temperature, including the step
of controlling the variable thermal insulation be-
tween full on and full off to maintain said catalytic
converter at a desired temperature, including
the step of recovering heat generated by the cat-
alytic converter when the variable thermal insu-
lation is turned off in a fluid medium and trans-
ferring the heat to another component, such as
the engine that produces the exhaust gases to
a heat storage device, a passenger compart-
ment of a motor vehicle that is powered by the
engine that produces the exhaust gases, or a
heat dissipator to dissipate the heat into the at-
mosphere.

41. Method according to claim 40, including the step of

transferring heat from the heat storage device back
to the catalytic converter before starting the engine
that produces the exhaust gases when the catalytic
converter temperature is less than its light-off tem-
perature.

Patentanspriiche

Abgaswarme- aufwei-

send:

Managementvorrichtung,

eine katalytische Umwandlungseinrichtung
(10), aufweisend ein inneres Katalysatorgehau-
se (12), das ein oder mehrere Katalysatorsub-
strate (14, 16, 18) innerhalb des Strdomungspfa-
des eines Warme enthaltenden Abgases fir ka-
talytische Oxidations- oder Reduktions- Reak-
tionen zwischen einem Katalysatormaterial auf
dem Katalysatorsubstrat und den Abgaskompo-
nenten enthalt,

ein auleres Gehause (24), das das innere Ka-
talysatorgehause (12) umgibt,

eine evakuierte Isolationskammer von variabler
Warmelbergangskapazitat (30) zwischen dem
inneren Katalysatorgehduse (12) und dem &au-
Reren Gehause (24),

dadurch gekennzeichnet, dass

zusatzlich zu der evakuierten Isolationskammer
von variabler Warmelbergangskapazitat (30)
ein Warmeubergangshemmmaterial, das einen
radialen Warmestrahlungs- und / oder Wéarme-
konvektions- Abschirmaufbau (56) aufweist,
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zwischen dem inneren Katalysatorgehause (12)
und dem aufReren Gehause (24) angeordnet ist,
um die Abgaswarme daran zu hindern, radial
von der katalytischen Umwandlungseinrichtung
(10) Ubertragen zu werden.

Abgaswarme- Managementvorrichtung nach An-
spruch 1, dadurch gekennzeichnet, dass eine zu-
satzliche Strahlungs- und Konvektionswarme-
Steuerung durch einen Warmeabsorber oder ein
Hemmmaterial (138), angeordnet stromab und /
oder stromauf des Katalysatorsubstrates (14, 16,
18), vorgesehen ist, um eine Warmelbertragungs-
Widerstandsstruktur zu bilden, um Wéarme zu reflek-
tieren, die von dem Katalysatorsubstrat in der Rich-
tung abstrahlt, in der das Abgas von dem Katalysa-
torsubstrat weg- und / oder in dieses hineinstromt.

Abgaswarme- Managementvorrichtung nach An-
spruch 1 oder 2, gekennzeichnet durch metalli-
sche Rohrabschnitte (52, 54), die in einer Weise kon-
figuriert sind, die Warme veranlasst, weg von dem
und / oder in das Katalysatorsubstrat durch die
Rohrabschnitte zu strdbmen, um eine langere Entfer-
nung zurickzulegen.

Abgaswarme- Managementvorrichtung, nach An-
spruch 3, dadurch gekennzeichnet, dass die
Rohrabschnitte eine verlangerte Warmeleitlange
haben, so dass der Bewegungsweg der Warmelei-
tung vondem inneren Gehause (12) zu dem &uf3eren
Gehause (24) erhéhet wird.

Abgaswarme- Managementvorrichtung nach An-
spruch 4, dadurch gekennzeichnet, dass sich die
Rohrabschnitte (52, 54), die sich zwischen dem in-
neren Katalysatorgehduse (12) und dem aueren
Gehause (24) erstrecken und diese trennen, gewell-
te Rohre (52, 54) aufweisen, um die wirksame Ent-
fernung, die die Warme zuriickzulegen haben wir-
de, in Warmeleitung von dem inneren Katalysator-
gehause (12) zu dem auReren Gehause (24), zu er-
héhen.

Abgaswarme- Managementvorrichtung nach zumin-
desteinem der Anspriche 1 bis 5, dadurch gekenn-
zeichnet, dass die evakuierte Isolierkammer (30)
aktiviertist, die Warme in der katalytischen Umwand-
lungseinrichtung zu halten, wenn keine Abgase in
der katalytischen Umwandlungseinrichtung (10)
reagiert werden, oder wenn die Temperatur der ka-
talytischen Umwandlungseinrichtung (10) geringer
als das Optimum oder die Norm- Arbeitstemperatur
ist, aber die deaktiviert werden kann, wenn die Tem-
peratur der katalytischen Umwandlungseinrichtung
Uber eines Optimum oder einer Norm- Arbeitstem-
peratur ansteigt.
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Abgaswarme- Managementvorrichtung nach An-
spruch 6, dadurch gekennzeichnet, dass die Iso-
lierkammer (30) in einem Zustand oder einer Vielfalt
von Zustanden zwischen einem aktivierten Zustand
und dem deaktivierten Zustand bei moderaten Tem-
peraturen in der katalytischen Umwandlungseinrich-
tung gehalten wird.

Abgaswarme- Managementvorrichtung nach zumin-
desteinem der Anspriiche 1bis 7, dadurch gekenn-
zeichnet, dass die Isolierkammer (30) versehen ist
mit Gas- oder Feststoff- Leitungssteuerungsfahig-
keit, um jeweils wahlweise die Isolierung zu ermég-
lichen oder zu unterbinden, oder um die Isolierung
in einem bestimmten Ausmaf zu ermdglichen oder
zu unterbinden.

Abgaswarme- Managementvorrichtung nach zumin-
desteinem der Anspriiche 1 bis 8, dadurch gekenn-
zeichnet, dass ein Hauptwarmetauscher vorgese-
hen ist, um Warme von der katalytischen Umwand-
lungseinrichtung (10) weg oder in diese hinein zu
leiten, wobei der Warmetauscher (160) durch eine
kompakte Vakuumisolierung umgeben ist, die War-
me wahrend der Zeiten zurtickhalt, wenn die evaku-
ierte Isolierkammer (30) aktiviert ist, ummantelt ist,
wobei der Warmetauscher (160) insbesondere Rip-
pen (168) aufweist, die das dulleren Gehause (24)
fur den Warmeiibergang umgeben.

Abgaswarme- Managementvorrichtung nach zumin-
desteinem der Anspriiche 1 bis 9, dadurch gekenn-
zeichnet, dass das innere Katalysatorgehause (12)
ein gasundurchldssiges Katalysatorgehduse (12)
ist.

Abgaswarme- Managementvorrichtung nach zumin-
dest einem der Anspriiche 1 bis 10, dadurch ge-
kennzeichnet, dass die Katalysatorsubstrate (14,
16, 18) voneinander in einer axialen Richtung der
katalytischen Umwandlungseinrichtung (10) ge-
trennt und vorzugsweise durch sich nach innen ver-
formende Wandabschnitte einer inneren Gehduse-
seitenwand (36) des inneren Katalysatorgehduses
(12) positioniert sind.

Abgaswarme- Managementvorrichtung nach zumin-
dest einem der Anspriiche 1 bis 11, dadurch ge-
kennzeichnet, dass das des innere Katalysatorge-
hause (12) und das auere Gehduse (24) aus Metall
oder einem anderen gasundurchldssigen Material
mitderringférmigen, evakuierten Isolierkammer (30)
dazwischen, hergestellt sind.

Abgaswarme- Managementvorrichtung nach zumin-
dest einem der vorhergehenden Anspriiche 1 bis 12,
dadurch gekennzeichnet, dass ein thermischer
Scheinwiderstandsaufbau (134), aktivierbar in Ab-
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15.

16.

17.

18.

19.

26

hangigkeit vom Erwadrmen der katalytischen Um-
wandlungseinrichtung (10), insbesondere der Tem-
peratur oder des Temperaturanstieges des inneren
Katalysatorgehduses (12), zwischen dem inneren
Katalysatorgehause (12) und dem &uf3eren Gehau-
se (24) angeordnet ist.

Abgaswarme- Managementvorrichtung nach zumin-
dest einem der Anspriiche 11 bis 13, dadurch ge-
kennzeichnet, dass die nach innen sich verformen-
den Wandabschnitte eine Dicke haben, die diinner
als die der anderen Wandabschnitte des inneren Ka-
talysatorgehauses(12) ist, die vorgesehen sind, mit
thermisch gesteuerten Betatigern (132) zusammen
zu wirken, um einen Warmeleitungskontakt zwi-
schen dem inneren Katalysatorgehause (12) und
dem &ufleren Gehduse (24) in Abhangigkeit von ei-
ner vorbestimmten Maximaltemperatur des inneren
Katalysatorgehauses (12) herzustellen.

Abgaswarme- Managementvorrichtung nach zumin-
dest einem der Anspriiche 1 bis 14, dadurch ge-
kennzeichnet, dass die evakuierte Isolierkammer
(30) mit einem Gassteuersystem (60) verbunden ist,
um eine Isolierwirkung in Abhangigkeit von Parame-
tern oder Motorbetriebszustianden, wie z. B. Motor-
start, Motorausschalten, Betriebstemperatur, War-
me, Motorziindung oder Zeiteingabe zu variieren.

Abgaswarme- Managementvorrichtung nach An-
spruch 15, dadurch gekennzeichnet, dass das
Gassteuersystem eine Gasquelleneinrichtung auf-
weist, verbunden mit der evakuierten Isolierkammer
(30), zum Freigeben von Gas hinein in oder zum
Wiedergewinnen von Gas aus der evakuierten Iso-
lierkammer (30) in Abhangigkeit von Parametern
oder Motorbetriebszustanden.

Abgaswarme- Managementvorrichtung nach An-
spruch 16, dadurch gekennzeichnet, dass die
Gasquelleneinrichtung ein Metallhydrid (62) enthalt,
das Wasserstoffgas freigibt, wenn es erwarmt wird,
und Wasserstoff wiedergewinnt, wenn es gekuhit
wird.

Abgaswarme- Managementvorrichtung nach An-
spruch 16 oder 17, dadurch gekennzeichnet, dass
die Gasquelleneinrichtung eine Gate- Einrichtung,
insbesondere Palladium, enthalt, positioniert zwi-
schen dem Metallhydrid (62) und der evakuierte Iso-
lierkammer (30), zum wahlweisen Hindurchgehen
oder Blockieren der Wasserstoffgasstromung, um
insbesondere Wasserstoff zu gestatten, wenn er er-
warmt wird, hindurch zu strémen oder die Wasser-
stoffstémung zu blockieren, wenn gekuhlt wird.

Abgaswarme- Managementvorrichtung nach zumin-
dest einem der Anspriiche 1 bis 18, dadurch ge-



20.

21,

22,

23.

24,

27

kennzeichnet, dass die evakuierte Isolierkammer
(30) auf einen sehr hohen Vakuumgrad von vorzugs-
weise zumindest so niedrig wie 0, 0013332 Pa (10-5
Torr) evakuiert wird.

Abgaswarme- Managementvorrichtung nach zumin-
dest einem der Anspriiche 1 bis 19, dadurch ge-
kennzeichnet, dass die evakuierte Isolierkammer
(30) Einsatze aufweist, insbesondere Abstandshal-
ter (50), vorzugsweise aus einem Material mit nied-
riger Warmeleitfahigkeit, insbesondere Keramik,
hergestellt, um das innere Katalysatorgehause (12)
von dem auBeren Gehause (24) zu trennen, wobei
der radiale Warmestrahlungs- und / oder Konvekti-
ons- Abschirmaufbau Warme- reflektierende Metall-
folien- Strahlungsabschirmungen (56) aufweist, um
insbesondere einen Strahlungswarmelibergang
zwischen dem inneren und den duReren Gehausen
(12, 24) zu hemmen.

Abgaswarme- Managementvorrichtung nach zumin-
dest einem der vorhergehenden Anspriiche 2 bis 20,
dadurch gekennzeichnet, dass das Absorber-
oder Verzégerungsmaterial (138) einen festen Ma-
schenaufbau oder einen sperrigen Faseraufbau,
lichtundurchlassig gegenuber Infrarotstrahlung auf-
weistund/oder Konvektionsstrémungen von heiflen
Abgas aufweist.

Abgaswarme- Managementvorrichtung nach den
Ansprichen 15 bis 16, dadurch gekennzeichnet,
dass das Gassteuerungssystem (60) vorgesehen
ist, ein Warmeleitendes Gas in die evakuierte Iso-
lierkammer (30) freizugeben in Abhangigkeit von
sensorbasierten Signalen eines elektrischen Steu-
ersystems, dem Ausgangssignal einer vorprogram-
mierten Steuerungseinheit (86), oder dem Einfluss
von Warme, die aus der katalytischen Umwand-
lungseinrichtung (10) stromt.

Abgaswarme- Managementvorrichtung nach zumin-
dest einem der Anspriiche 1 bis 22, dadurch ge-
kennzeichnet, dass die katalytische Umwand-
lungseinrichtung (10) thermisch verbunden ist mit ei-
ner Warmespeichersenke (150), einem Warmever-
teiler (152), einem Motor, insbesondere seinem
Kihimantel, oder Fahrgastraum- Erwarmungsaus-
rustung eines Kraftfahrzeugs, insbesondere unter
Verwendung einer Warmetauscherkammer (164).

Abgaswarme- Managementvorrichtung nach zumin-
dest einem der Anspriiche 9 bis 23, gekennzeich-
net durch zumindest einen sekundaren Warmetau-
scher (174, 184), der einen Abgaseinlass (129) und
oder -auslass (130) umgibt, der insbesondere Rip-
pen (178, 188) flr den Warmelibergang von dem
Abgaseinlass oder - auslass (129, 130) in das Fluid,
insbesondere eine Flussigkeit, eingeschlossen in
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25.

26.

27.

28.

28
den Warmetauscher (174, 184), aufweist.

Abgaswarme- Managementvorrichtung nach zumin-
dest einem der Anspriche 13 bis 24, dadurch ge-
kennzeichnet, dass der Warme- betatigbare ther-
mische Scheinwiderstandsaufbau (134) vorgese-
hen ist, einen Metall- zu- Metall- Kontakt zwischen
dem inneren Gehduse (12) und dem auleren Ge-
héuse (24) herzustellen, wenn das innere Gehause
(12) eine vorbestimmte Maximaltemperatur erreicht,
wobei insbesondere der thermische Scheinwider-
standsaufbau (134) ein Bimetallelement enthélt, das
von einer konkaven zu einer konvexen Konfiguration
schaltet, wenn die Temperatur des Bimetallelements
die vorbestimmte Temperatur erreicht, oder der ther-
mische Scheinwiderstandsaufbau (134) eine ther-
mischausdehnbare Spitze enthalt, verankert in dem
innere Gehause (12) und sich radial nach auen zu
einer Position, nah genug zu dem auReren Gehause
(24) zu erstrecken, um thermisch ausdehnbar in
Kontakt mit dem &ufReren Gehause (24) zu sein.

Abgaswarme- Managementvorrichtung nach zumin-
dest einem der Anspriiche 20 bis 25, dadurch ge-
kennzeichnet, dass die Einsatze eine Mehrzahl
von keramischen Abstandshaltern (50) aufweisen,
positioniert zwischen dem inneren Gehause (12)
und dem &uBeren Gehduse (24), wobei die Ab-
standshalter (50) geformt sind, um nur Punkt- oder
nahezu Punktkontakte mit dem inneren Gehause
(12) und dem aufderen Gehause (24) zu bilden, wo-
bei insbesondere die Abstandshalter (50) ein Ab-
standselement mit einer gerundeten Aufenoberfla-
che und ein Beschichtungselement mit einer ge-
krimmten AuRenoberflache enthalten, positioniert
zwischen dem Abstandselement und jedem von
dem inneren Gehduse (12) oder dem dulleren Ge-
hause (24).

Abgaswarme- Managementvorrichtung nach zumin-
dest einem der Anspriiche 1 bis 26, dadurch ge-
kennzeichnet, dass sich eine thermisch leitende
Spitze (136) durch das innere Gehduse (12) in das
Katalysatorsubstrat (14, 16, 18) und in die Isolier-
kammer (12) erstreckt, wobei die Spitze (136) vor-
zugsweise in dem inneren Gehause (12) verankert
ist und thermisch ausdehnbar oder zusammenzieh-
bar ist, in oder aus dem Kontakt mit dem &uf3eren
Gehdause (24), als eine Funktion der Temperatur.

Abgaswarme- Managementvorrichtung nach zumin-
dest einem der Anspriiche 4 bis 27, dadurch ge-
kennzeichnet, dass gewellte Rohre (52, 54), her-
gestellt aus diinner Metallfolie, an einem Ende mit
dem &ufleren Gehduse (24) und an dem anderen
Ende mit dem inneren Gehause (12) verschweildt
sind, um Abgase in das innere Gehause (12) zu lei-
ten und / oder Abgase aus dem inneren Gehéause
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32.
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34.

35.

29
(12) heraus zu leiten.

Abgaswarme- Managementvorrichtung nach zumin-
dest einem der Anspriiche 9 bis 28, dadurch ge-
kennzeichnet, dass der Hauptwarmetauscher
(160) einen duleren Mantel (162) enthalt, positio-
niert in einem radial beabstandeten Abstand auller-
halb des auReren Gehduses (24), enthaltend ein
Fluid- Warmetauschermedium, insbesondere ent-
haltend einen Fluid- Einlass und einen Fluid- Auslass
zum Leiten des Fluid- Warmetauschermediums in
die Haupt- Warmetauscherkammer (164) hinein
oder aus dieser heraus.

Abgaswarme- Managementvorrichtung nach An-
spruch 29, wobei der dulRere Mantel (162) aufweist
eine kompakte Vakuumisolierung, die zwei harte,
aber biegbare Blechfolien enthalt, positioniert in nah
beabstandeter Beziehung zueinander und abge-
dichtet um ihre Kanten zueinander durch Metall- zu-
Metall-Schweifen, um dazwischen eine Vakuum-
kammer zu bilden, und eine Mehrzahl von Abstands-
haltern mit niedriger Warmeleitfahigkeit zwischen
den Blechen, um dessen Abstand beizubehalten,
wobei die Vakuumkammer auf einen Druck von zu-
mindest so niedrig wie 0, 0013332 Pa (105 Torr)
evakuiert wird.

Abgaswarme- Managementvorrichtung nach An-
spruch 30, dadurch gekennzeichnet, dass eine
thermische Warmesenken- Speichervorrichtung
(15) in einer Fluidstrdmungs- Beziehung mit der
Haupt- Warmetauscherkammer (164) verbunden
ist.

Abgaswarme- Managementvorrichtung nach An-
spruch 30 oder 31, dadurch gekennzeichnet, dass
die Warmeverteilungseinrichtung (152) in Fluidstro-
mungs-Beziehung mit der Haupt- Warmetauscher-
kammer (164) ist, zum Verteilen der Warme, geleitet
von der dufReren Metallhille auf das Fluid- Medium.

Abgaswarme- Managementvorrichtung nach zumin-
dest einem der Anspriiche 1 bis 32, dadurch ge-
kennzeichnet, dass die Warmespeichereinrich-
tung die Katalysatorsubstrate (14, 16, 18) zum Spei-
chern der in dem inneren Gehause (12) erzeugten
Warme umgibt, wobei die Warmespeichereinrich-
tung vorzugsweise ein Phasenveranderungsmateri-
al aufweist.

Abgaswarme- Managementvorrichtung nach An-
spruch 33, dadurch gekennzeichnet, dass eine
wahlweise betatigbare Triggereinrichtung zumwahl-
weisen Initiieren der Kernreaktion des Phasenver-
anderungsmaterials vorgesehen ist.

Abgaswarme- Managementvorrichtung nach zumin-
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37.

38.

39.

40.
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dest einem der Anspriiche 26 bis 34, dadurch ge-
kennzeichnet, dass der sekundare Warmetau-
scher zum Aufnehmen von Warme aus dem Abgas
vorgesehen ist.

Verfahren zum Warmemanagement in einer Abgas-
warme- Managementvorrichtung nach Anspruch 1,
aufweisend die Schritte von:

variables Einstellen der Warmeubertragungs-
kapazitat der katalytischen Umwandlungsein-
richtung (10) in Richtung nach aufen in radialer
und / oder axialer Richtung durch Verandern ei-
ner Warmeleitungskapazitat einer evakuierten
Isolierkammer (30) durch Einleiten oder Entneh-
mens eines warmeleitenden Gases, wahrend
der radiale Wéarmelbergang zusatzlich dem
Warmeubergangshemmmaterial unterworfen
wird, vorgesehen, um die radiale Warmeab-
strahlung und / oder Konvektion von dem inne-
ren Gehause (12) der katalytischen Umwand-
lungseinrichtung (10) zu dem &uleren Gehause
(24) zu blockieren durch Vorsehen der radialen
Warmestrahlungs- und / oder Konvektionsab-
schirmungsstruktur (56) dazwischen, getrennt
von dem inneren Gehéause (12).

Verfahren nach Anspruch 36, dadurch gekenn-
zeichnet, dass die Warmeleitung von einem inne-
ren Katalysatorgehause (12) zu einem umgebenden
auleren Gehause (24) und / oder verbundenen Ein-
lass- und / oder Auslassrohren zum Enthalten des
Abgases entlang des langgestreckten, gewellten
Rohres (52, 54) ausgefuhrt wird.

Verfahren nach Anspruch 36 oder 37, dadurch ge-
kennzeichnet, dass das zusatzliche Warmeluber-
gangshemmmaterial eine Mehrzahl von konzen-
trisch angeordneten Strahlungsschilden (56), ange-
ordnet innerhalb der evakuierten Isolierkammer
(30), aufweist.

Verfahren nach einem der Anspriiche 36 bis 38, da-
durch gekennzeichnet, dass die Warme, die von
zumindest einem Katalysatorsubstrat (14, 16, 18) in
einer axialen Richtung stromauf oder stromab des-
selben abgegeben wird und / oder die Warme- tra-
gende Gasstrémung mehrfach innerhalb des inne-
ren Katalysatorgehduses (12) stromauf und / oder
stromab von dem zumindest einem Katalysatorsub-
strat (14, 16, 18) umgelenkt wird.

Abgaswarme- Managementverfahren in eines kata-
lytischen Wandlers, aufweisend die Schritte von:

Umgeben des katalytischen Wandlers mit einer
variablen thermischen lIsolierung, die variiert
werden kann zwischen "ein", um den Warme-
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Ubergang zu hemmen, oder "aus", um den War-
meulbergang zu erméglichen;

Einschalten der variablen thermischen Isolie-
rung, wenn keine Abgase in den katalytischen
Wandler zurtickgefuhrt werden, um die Warme
in dem katalytische Wandler zu halten,
Eingeschaltetlassen der variablen thermischen
Isolierung, wenn die Temperatur des katalyti-
schen Wandlers geringer als die Norm- Ar-
beitstemperatur des katalytischen Wandlers ist;
Abschalten der variablen thermischen Isolie-
rung, wenn die Temperatur des katalytischen
Wandlers oberhalb der Norm- Arbeitstempera-
tur ist, was den Schritt des Steuerns der varia-
blen thermischen Isolierung zwischen voll ein
und voll aus enthdlt, um den katalytischen
Wandler auf einer gewiinschten Temperatur zu
halten, was den Schritt des Wiedergewinnens
von Warme, erzeugt durch den katalytischen
Wandler, in einem Fluid- Medium und die Uber-
tragung der Warme zu einem anderen Bauteil,
enthalt, wenn die variable thermische Isolierung
in ein Fluid-Medium ausgeschaltet ist, wie z. B.
zu dem Motor, der die Abgase erzeugt, zu einer
Warmespeichervorrichtung, zu einem Fahr-
gastraum eines Kraftfahrzeuges, das durch den
Motor, der die Abgase erzeugt, angetrieben
wird, oder zu einem Warmeverteiler, um die
Warme in die Atmosphare abzuleiten.

41. Verfahren nach Anspruch 40, enthaltend den Schritt

des Warmedubertragens von der Warmespeichervor-
richtung zuriick zu dem katalytischen Wandler vor
dem Starten des Motors, der die Abgase erzeugt,
wenn die katalytische Wandlertemperatur geringer
als seine Norm- Arbeitstemperatur ist.

Revendications

Dispositif de gestion thermique d’échappement,
comprenant :

des moyens formant pot catalytique (10) com-
prenant un logement de catalyseur interne (12)
contenant un ou plusieurs substrats de cataly-
seur (14, 16, 18) dans le trajet de circulation d’'un
gaz d’échappement contenant de la chaleur
pour des réactions d’oxydation ou de réduction
catalytiques entre un matériau catalyseur sur le
substrat de catalyseur et des composants du
gaz d’échappement,

un logement externe (24) entourant ledit loge-
ment de catalyseur interne (12),

une chambre d’isolation sous vide ayant une ca-
pacité de transfert thermique variable (30) entre
ledit logement de catalyseur interne (12) et ledit
logement externe (24),
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caractérisé en ce que

en plus de ladite chambre d’ isolation sous vide
a capacité de transfert thermique variable (30),
un matériau inhibiteur de transfert thermique
comprenant une structure de protection contre
un rayonnement et/ou une convection thermi-
ques radiaux (56) est disposée entre ledit loge-
ment de catalyseur interne (12) et leditlogement
externe (24) pour inhiber davantage le transfert
de la chaleur du gaz d’échappement radiale-
ment a partir desdits moyens formant pot cata-
lytique (10).

2. Dispositif de gestion thermique d’échappement se-

lon larevendication 1, caractérisé en ce qu’un con-
tréle thermique de rayonnement et de convection
supplémentaire est réalisé par un matériau absor-
beur ouralentisseur de chaleur (138) disposé en aval
et/ou en amont du substrat de catalyseur (14, 16,
18) pour former une structure résistant au transfert
thermique pour réfléchir la chaleur rayonnée par ledit
substratde catalyseur dansladirection danslaquelle
le gaz d’échappement circule a 'opposé dudit subs-
trat de catalyseur et/ou dans celui-ci.

Dispositif de gestion thermique d’échappement se-
lon larevendication 1 ou 2, caractérisé par des par-
ties de tube métalliques (52, 54) qui sont configurées
de maniere a amener une circulation de chaleur a
I'opposé dudit substrat de catalyseur et/ou dans ce-
lui-ci a travers lesdites parties de tube a parcourir
une plus longue distance.

Dispositif de gestion thermique d’échappement, en
particulier selon la revendication 3, caractérisé en
ce que lesdites parties de tube ont une grande lon-
gueur de conduction de chaleur, augmentant ainsi
la distance parcourue de la conduction thermique du
logement interne (12) jusqu’au logement externe
(24).

Dispositif de gestion thermique d’échappement se-
lon la revendication 4, caractérisé en ce que des
parties de tube (52, 54) s’étendant entre et séparant
le logement de catalyseur interne (12) et le logement
externe (24) comprennent des tubes ondulés (52,
54) pour augmenter la distance réelle que la chaleur
devrait parcourir par conduction du logement de ca-
talyseurinterne (12) jusqu’au logement externe (24).

Dispositif de gestion thermique d’échappement se-
lon au moins 'un des revendications 1 a 5, carac-
térisé en ce que ladite chambre d’isolation sous
vide (30) est activée pour maintenir la chaleur dans
les moyens formant pot catalytique lorsque aucun
gaz d’échappement ne réagit dans les moyens for-
mant pot catalytique (10) ou lorsque la température
des moyens formant pot catalytique est inférieure a



10.

1.

12

33

la température optimale ou de conversion catalyti-
que, mais peut étre désactivée lorsque la tempéra-
ture des moyens formant pot catalytique s’éléve au-
dessus de la température optimale ou de conversion
catalytique.

Dispositif de gestion thermique d’échappement se-
lon la revendication 6, caractérisé en ce que ladite
chambre d’isolation (30) est maintenue dans un état
ou divers états entre une condition activée et une
condition désactivée a des températures modérées
dans lesdits moyens formant pot catalytique.

Dispositif de gestion thermique d’échappement se-
lon au moins I'une des revendications 1 a 7, carac-
térisé en ce que ladite chambre d’isolation (30) est
pourvue d'une capacité de contrdle de conduction
de gaz ou de matiére solide pour activer ou désac-
tiver l'isolation de maniére sélective ou pour activer
ou désactiver l'isolation dans une certaine mesure,
respectivement.

Dispositif de gestion thermique d’échappement se-
lon au moins l'une des revendications 1 a 8, carac-
térisé en ce qu’un échangeur de chaleur principal
est prévu pour conduire la chaleur a 'opposé des ou
vers les moyens formant pot catalytique (10), ledit
échangeur de chaleur (160) étant chemisé avec une
isolation sous vide compacte retenant la chaleur
pendant les temps ou la chambre d'isolation sous
vide (30) est activée, ledit échangeur de chaleur
(160) comprenant en particulier des ailettes (168)
entourant le logement externe (24) pour le transfert
de chaleur.

Dispositif de gestion thermique d’échappement se-
lon au moins I'une des revendications 1 a 9, carac-
térisé en ce que ledit logement de catalyseur inter-
ne (12) est un logement de catalyseur imperméable
aux gaz (12).

Dispositif de gestion thermique d’échappement se-
lon au moins I'une des revendications 1 a 10, carac-
térisé en ce que lesdits substrats de catalyseur (14,
16, 18) sont séparés les uns des autres dans une
direction axiale des moyens formant pot catalytique
(10) et sont de préférence positionnés par des par-
ties de paroi se déformant vers l'intérieur d’'une paroi
latérale de logement interne (36) du logement de
catalyseur interne (12).

Dispositif de gestion thermique d’échappement se-
lon au moins 'une des revendications 1 a 11, carac-
térisé en ce que ledit logement de catalyseur inter-
ne (12) et ledit logement externe (24) sont réalisés
en un métal ou en un autre matériau imperméable
aux gaz, avec la chambre d’isolation sous vide (30)
annulaire entre eux.
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13.

14.

15.

16.

17.

18.

34

Dispositif de gestion thermique d’échappement se-
lon au moins I'une des revendications 1 a 12 précé-
dentes, caractérisé en ce qu’une structure de dé-
rivation thermique (134) pouvant étre activée en ré-
ponse a I'échauffement des moyens formant pot ca-
talytique (10), en particulier a la température ou a
I'élévation de température du logement de cataly-
seur interne (12), est disposée entre le logement de
catalyseur interne (12) et le logement externe (24).

Dispositif de gestion thermique d’échappement se-
lon au moins l'une des revendications 11 a 13, ca-
ractérisé en ce que lesdites parties de paroi se dé-
formant vers l'intérieur ont une épaisseur inférieure
a celle des autres parties de paroi du logement de
catalyseur interne (12) adaptée pour coopérer avec
des actionneurs commandés thermiquement (132)
pour établir un contact de conduction thermique en-
tre ledit logement de catalyseur interne (12) et ledit
logement externe (24) en réponse a une température
maximum prédéterminée du logement de catalyseur
interne (12).

Dispositif de gestion thermique d’échappement se-
lon au moins I'une des revendications 1 a 14, carac-
térisé en ce que ladite chambre d’isolation sous
vide (30) est reliée a un systéeme de traitement de
gaz (60) faisant varier un effet d’isolation en réponse
a des paramétres ou des conditions de fonctionne-
ment de moteur, tels qu'un démarrage du moteur,
un arrét du moteur, une température de fonctionne-
ment, la chaleur, I'allumage du moteur ou une entrée
de temps.

Dispositif de gestion thermique d’échappement se-
lon la revendication 15, caractérisé en ce que ledit
systeme de traitement de gaz comprend des moyens
formant source de gaz reliés a ladite chambre d’iso-
lation sous vide (30) pour libérer le gaz dans ou pour
récupérer le gaz de la chambre d’isolation sous vide
(30) en réponse a des paramétres ou des conditions
de fonctionnement de moteur.

Dispositif de gestion thermique d’échappement se-
lon la revendication 16, caractérisé en ce que les-
dits moyens formant source de gaz comprennent un
hydrure métallique (62) qui libere I'hydrogene ga-
zeux lorsqu’il est chauffé et récupére 'hydrogene
gazeux lorsqu'’il est refroidi.

Dispositif de gestion thermique d’échappement se-
lon la revendication 16 ou 17, caractérisé en ce
que lesdits moyens formant source de gaz compren-
nent des moyens formant grille, en particulier du pal-
ladium, positionnés entre ledit hydrure métallique
(62) et ladite chambre d’isolation sous vide (30) pour
laisser passer ou bloquer de maniére sélective la
circulation d’hydrogene gazeux, en particulier per-
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mettre a I'hydrogéne de circuler a travers ceux-ci
lorsqu’ils sont chauffés et bloquer la circulation d’hy-
drogene a travers ceux-ci lorsqu’ils sont refroidis.

Dispositif de gestion thermique d’échappement se-
lon au moins 'une des revendications 1 a 18, carac-
térisé en ce que ladite chambre d’isolation thermi-
que sous vide (30) est pompée jusqu’a un niveau de
vide trés élevé, de préférence au moins aussi faible
que 0,0013332 Pa (10 Torr).

Dispositif de gestion thermique d’échappement se-
lon au moins 'une des revendications 1 a 19, carac-
térisé en ce que ladite chambre d'isolation sous
vide (30) comprend des inserts, en particulier des
éléments d’espacement (50), de préférence réalisés
en un matériau a faible conductivité thermique, en
particulier la céramique, pour séparer le logement
de catalyseur interne (12) du logement externe (24),
ladite structure de protection contre un rayonnement
et/ou une convection thermiques radiaux (56) com-
prend des écrans de protection contre un rayonne-
ment (56) en feuilles métalliques réfléchissant la
chaleur, pour inhiber en particulier un transfert de la
chaleur de rayonnement entre les logements interne
et externe (12, 24).

Dispositif de gestion thermique d’échappement se-
lon au moins I'une des revendications 2 a 20 précé-
dentes, caractérisé en ce que ledit matériau absor-
beur ou ralentisseur de chaleur (138) comprend une
structure en labyrinthe pleine ou une structure de
fibres en vrac ne laissant pas passer un rayonne-
ment infrarouge et/ou dispersant des circulations de
convection de gaz d’échappement chaud.

Dispositif de gestion thermique d’échappement se-
lon la revendication 15 ou 16, caractérisé en ce
que ledit systéme de traitement de gaz (60) est
adapté pour libérer un gaz thermoconducteur dans
la chambre d’isolation (30) en réponse a des signaux
de capteurs d’'un systéme de traitement électrique,
a la sortie d’'une unité de traitement préprogrammée
(86) ou a linfluence de la chaleur émanant des
moyens formant pot catalytique (10).

Dispositif de gestion thermique d’échappement se-
lon au moins 'une des revendications 1 a 22, carac-
térisé en ce que les moyens formant pot catalytique
(10) sont reliés thermiquement a un puits de stocka-
ge de chaleur (150), un dissipateur de chaleur (152),
un moteur, en particulier sa chemise de refroidisse-
ment, ou un équipement de chauffage d’habitacle
d’'une automobile, en particulier avec I'utilisation
d’'une chambre d’échange de chaleur (164).

Dispositif de gestion thermique d’échappement se-
lon au moins I'une des revendications 9 a 23, carac-
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25.

26.

27.

36

térisé par au moins un échangeur de chaleur se-
condaire (174, 184) entourant une entrée (129) et/ou
une sortie (130) de gaz d’échappement, en particu-
lier comprenant des ailettes (178, 188) pour le trans-
fert de chaleur de I'entrée ou de la sortie de gaz
d’échappement (129, 130) au fluide, en particulier
au liquide, piégé dans I'’échangeur de chaleur (174,
184).

Dispositif de gestion thermique d’échappement se-
lon au moins l'une des revendications 13 a 24, ca-
ractérisé en ce que ladite structure de dérivation
thermique (134) actionnable thermiquement est
adaptée pour établir un contact métal sur métal entre
ledit logement interne (12) et ledit logement externe
(24) lorsque le logementinterne (12) atteint une tem-
pérature maximum prédéterminée, en particulier la-
dite structure de dérivation thermique (134) com-
prend un élément bimétallique qui passe d’'une con-
figuration concave a une configuration convexe lors-
que la température de I'élément bimétallique atteint
ladite température prédéterminée, ou ladite structu-
re de dérivation thermique (134) comprend une poin-
te dilatable thermiquement ancrée dans ledit loge-
ment interne (12) et s’étendant radialement a I'exté-
rieur jusqu’a une position suffisamment proche dudit
logement externe (24) pour pouvoir étre dilatée ther-
miquement en contact avec ledit logement externe
(24).

Dispositif de gestion thermique d’échappement se-
lon au moins I'une des revendications 20 a 25, ca-
ractérisé en ce que lesdits inserts comprennent
une pluralité d’éléments d’espacement (50) en cé-
ramique positionnés entre ledit logement interne
(12) et ledit logement externe (24), lesdits éléments
d’espacement (50) étant réalisés de maniére a ne
former que des contacts ponctuels ou presque ponc-
tuels avec ledit logement interne (12) et ledit loge-
ment externe (24), en particulier lesdits éléments
d’espacement (50) comprennent un élément d’'es-
pacement avec une surface externe arrondie et un
élément de doublure avec une surface externe in-
curvée positionné entre ledit élément d’espacement
et chacun dudit logement interne (12) et dudit loge-
ment externe (24).

Dispositif de gestion thermique d’échappement se-
lon au moins 'une des revendications 1 a 26, carac-
térisé en ce qu’une pointe de conduction thermique
(136) s’étend a travers ledit logement interne (12)
dans ledit substrat de catalyseur (14, 16, 18) et dans
ladite chambre d’isolation (30), ladite pointe (136)
estde préférence ancrée dans leditlogementinterne
(12) et peut étre dilatée et contractée thermiquement
en contact et hors de contact avec ledit logement
externe (24) en fonction de la température.
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Dispositif de gestion thermique d’échappement se-
lon au moins l'une des revendications 4 4 27, carac-
térisé en ce que lesdits tubes ondulés (52, 54) réa-
lisés a partir d’'une mince feuille métallique sont sou-
dés a une extrémité audit logement externe (24) et
a l'autre extrémité audit logement interne (12), pour
conduire les gaz d’échappement dans ledit logement
interne (12) et/ou pour conduire les gaz d’échappe-
ment hors dudit logement interne (12).

Dispositif de gestion thermique d’échappement se-
lon au moins 'une des revendications 9 a 28, carac-
térisé en ce que ledit échangeur de chaleur princi-
pal (160) comprend une chemise externe (162) po-
sitionnée a une distance d’espacement radial vers
I'extérieur dudit logement externe (24) contenant un
milieu fluide d’échange de chaleur, en particulier
comprenant une entrée de fluide et une sortie de
fluide pour conduire ledit milieu fluide d’échange de
chaleur dans et hors d’'une chambre d’échange de
chaleur principale (164).

Dispositif de gestion thermique d’échappement se-
lon la revendication 29, dans lequel ladite chemise
externe (162) comprend une isolation sous vide
compacte comprenant deux feuilles métalliques du-
res, mais pliables, positionnées dans une relation
d’espacement proche I'une par rapport a l'autre et
fixées hermétiquement 'une a l'autre autour de leurs
bords par des soudures métal sur métal pour former
une chambre a vide entre elles, ladite chambre a
vide étant mise a une pression au moins aussi faible
que 0,0013332 Pa (10-5 Torr), et une pluralité d’élé-
ments d’espacement faiblement thermoconducteurs
entre lesdites feuilles pour maintenir ledit espace-
ment.

Dispositif de gestion thermique d’échappement se-
lon la revendication 30, caractérisé en ce qu’un
dispositif de stockage thermique a puits thermique
(15) estrelié dans une relation de circulation de fluide
a ladite chambre d’échange de chaleur principale
(164).

Dispositif de gestion thermique d’échappement se-
lon la revendication 30 ou 31, caractérisé en ce
que des moyens de dissipation de chaleur (152) sont
reliés dans une relation de circulation de fluide a la-
dite chambre d’échange de chaleur principale (164)
pour dissiper la chaleur conduite de ladite enveloppe
meétallique externe vers ledit milieu fluide.

Dispositif de gestion thermique d’échappement se-
lon au moins 'une des revendications 1 a 32, carac-
térisé en ce que des moyens de stockage de cha-
leur entourent les substrats de catalyseur (14, 16,
18) pour stocker la chaleur générée dans ledit loge-
ment interne (12), dans lequel lesdits moyens de
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34.

35.

36.

37.

38.

39.

38

stockage de chaleur comprennent de préférence un
matériau a changement de phase.

Dispositif de gestion thermique d’échappement se-
lon la revendication 33, caractérisé en ce que des
moyens de déclenchement pouvant étre actionnés
de maniére sélective pour lancer de maniére sélec-
tive une nucléation du matériau a changement de
phase sont prévus.

Dispositif de gestion thermique d’échappement se-
lon au moins 'une des revendications 26 a 34, ca-
ractérisé en ce que ledit échangeur de chaleur se-
condaire est prévu pour retirer la chaleur du gaz
d’échappement.

Procédé de gestion thermique dans un dispositif de
gestion thermique d’échappement selon la revendi-
cation 1, comprenant les étapes consistant a :

ajuster de maniére variable la capacité de trans-
fert thermique desdits moyens formant pot ca-
talytique (10) versI'extérieur dans des directions
radiale et/ou axiale en modifiant une capacité
de conductance thermique d’'une chambre d’iso-
lation sous vide (30) par l'introduction ou le re-
trait d’'un gaz thermoconducteur tandis qu’un
transfert thermique radial est soumis a un ma-
tériau d’inhibition de transfert thermique supplé-
mentaire prévu pour bloquer un rayonnement
et/ou une convection thermiques radiaux dudit
logement de catalyseurinterne (12) des moyens
formant pot catalytique (10) vers ledit logement
externe (24) en disposant ladite structure de pro-
tection contre un rayonnement et/ou une con-
vection thermiques radiaux (56) séparée dudit
logement interne (12) entre eux.

Procédé selon la revendication 36, caractérisé en
ce que la conduction thermique d’'un logement de
catalyseur interne (12) vers un logement externe
(24) I'entourant et/ou des tuyaux d’entrée et/ou de
sortie associés pour contenir le gaz d’échappement
est effectuée le long dudit tube ondulé (52, 54) al-
longé.

Procédé selon la revendication 36 ou 37, caracté-
risé en ce que le matériau d’inhibition de transfert
thermique supplémentaire comprend une pluralité
de protections contre un rayonnement (56) dispo-
sées concentriguement agencées dans la chambre
d’isolation sous vide (30).

Procédé selon I'une des revendications 36 a 38, ca-
ractérisé en ce que la chaleur émanant d’au moins
un substrat de catalyseur (14, 16, 18) dans une di-
rection axiale en amont ou en aval de celui-ci et/ou
la circulation de gaz caloporteur est redirigée plu-
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sieurs fois dans le logement de catalyseur interne
(12) en amont et/ou en aval de cet au moins un subs-
trat de catalyseur (14, 16, 18).

40. Procédé de gestion thermique dans un pot catalyti-
que comprenant les étapes consistant a :

entourer le pot catalytique d’'une isolation ther-
mique variable qui peut étre commutée entre
« active » pour inhiber un transfert thermique et
«inactive » pour permettre un transfert
thermique ;

activer lisolation thermique variable lorsque
aucun gaz d’échappement ne réagit dans le pot
catalytique pour retenir la chaleur dans le pot
catalytique ;

laisser Iisolation thermique variable active lors-
que la température du pot catalytique est infé-
rieure a la température de conversion catalyti-
que du pot catalytique ;

désactiver l'isolation thermique variable lorsque
la température du pot catalytique est supérieure
a la température de conversion catalytique,
comprenant I'étape consistant a commander
l'isolation thermique variable entre totalement
active et totalement inactive pour maintenir ledit
pot catalytique a une température souhaitée,
comprenant I'étape consistant a récupérer la
chaleur générée par le pot catalytique lorsque
lisolation thermique variable est désactivée
dans un milieu fluide et transférer la chaleur a
un autre composant, par exemple du moteur qui
produit les gaz d’échappement a un dispositif
de stockage de chaleur, un habitacle d’'un véhi-
cule a moteur qui est entrainé par le moteur qui
produit les gaz d’échappement, ou un dissipa-
teur de chaleur pour dissiper la chaleur dans
'atmosphére.

41. Procédé selonlarevendication 40, comprenant|’éta-
pe consistant a retourner la chaleur du dispositif de
stockage de chaleur au pot catalytique avant le dé-
marrage du moteur qui produit les gaz d’échappe-
ment lorsque la température du pot catalytique est
inférieure a sa température de conversion catalyti-
que.
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